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Overview and Requirements

This document describes the design and implementation of a multiprogramming, preemptive operating system for microcontrollers. The specifications I have chosen to implement are as follows:

· Round robin scheduling  will be used.

· It will be written in C with assembler where necessary.

· The operating system will implement at least functions to do the 
following, at run time:

· start a new process

· end a process

· suspend a process

· resume a process

· The code will be as much as possible compiler and platform independent

· For the purposes of the assignment I will only write code for 8051 
based microcontrollers.


Since it will be a preemptive operating system, only systems with a timer will be able to be supported. The timer, however, does not have to be part of the microcontroller, it could be just a 555 timer attached to one of the interrupt pins.

Protection

Since most microcontrollers do not implement instructions which allow memory protection, it will not be part of this operating system.

Memory management

Paging and relocatable code require specialised instructions which most microcontrollers do not have, hence they will not be implemented in this operating system. Dynamic memory allocation requires paging if it is to stop fragmentation making the dynamic memory space increasingly unusable, hence, it will also not be included.

Interrupts

The operating system must be able to handle the implementation of interrupts as part of a user program.

Design

Since this will be a very small operating system, its operation will basically be as a library of functions for the user program, with the addition of one ISR and an initialisation function. Hence, it would be very difficult to draw any meaningful data‑flow diagrams or structure charts, so I will simply address some of the issues involved in the system in text, then provide pseudocode for each function.

Stacks

Each process needs it's own stack to function properly, this stack needs to be large enough to allow the user program with extra space for information the operating system will push onto it.  The kernel will also need it's own stack space, it would be possible for it to use the process stacks, however this would mean more memory is taken up by the stacks than if a separate kernel stack is used.

Context switching

To keep things simple, context switching will be implemented by pushing / popping all the vital registers on / off the current process's stack. 

Preemption

Preemption will be achieved by an interrupt service routine which is triggered by a timer interrupt. The function will context switch to the next runnable process and then reset the timer.

Process Control Block

The process control block will contain the address of the process's stack, and the current state of the process.  The current process state will have at least the following possible states: RUNNING, RUNNABLE, SUSPENDED, and UNUSED.  The way in which the stack pointer is saved must be portable since some platforms such as the Intel 80x86 have a stack segment register as well as a stack pointer register which need to be saved.

Idle process

Because this operating system needs to be able to handle user interrupts, there is the possibility that there are no processes running at a particular time, as they are suspended while waiting for an interrupt handler to resume them. When this happens, the processor needs to be given a piece of code to execute while it waits for the interrupt, since it cannot just be halted, as this would stop interrupts occurring. Hence a loop will be included which does nothing, but gives the processor somewhere to go while it is waiting.

Kernel Stack Handling

The stack for the kernel needs to be handled carefully to avoid corruption.  The operating system needs to ensure that each value (including return addresses) that is pushed onto the stack, is popped off again.  This requires that when a process is started or restarted, it is done from the function which was called from the user program, or from the ISR. This starting or restarting cannot be done from within a sub-function, since calling that sub-function would push unknown numbers of values onto the kernel stack which would not get popped off again.

Compiler and Platform Independence

In order to make the operating system compiler an platform independent, I will write as much of the code as possible in ANSI C.  The code which cannot be ANSI C compliant, such as inline assembler will be placed in a single file, which can then be swapped when migrating from one platform or compiler to another.

Macros

Because many of the sections of compiler/platform specific code are critical assembler code, they will have to be implemented using C macros rather than functions, since a function call will change the values of registers and write and read the stack.

Ending a Process

When a process ends, it must do so in a controlled way, otherwise, it will hit the end of the function and return to some unknown destination.  To allow such control the operating system requires a function which every process must call when it ends (processes that don't end don't need it).  This will allow the operating system to take control and de-allocate the process.

Pseudocode

Initialisation Function

Inputs:

None

Outputs:
None

Description:

Initialise all the process control headers to UNUSED

Setup the preemption timer

Create the first user process

Start the preemption timer 

Save the kernel stack pointer

Set the first process to RUNNING

Swap to the first process's stack

Start the first process

Preemption Interrupt Service Routine

Inputs:

None

Outputs:
None

Description:

Save the current process state to the stack

Save the processes stack pointer

Swap to the kernel stack

Set process just finished to RUNNABLE

Find the next runnable task

Set the new process to RUNING

Restart the preemption timer

Save the kernel stack pointer

Swap to the new process's stack

Restore the new process from the stack

Suspend Current Process

Inputs:

None

Outputs:
None

Description:

Save the current process state to the stack

Save the processes stack pointer

Swap to the kernel stack

Set process just finished to SUSPENDED

If there are any RUNNABLE processes

{

find the next RUNNABLE process

Set the new process to RUNING

Restart the preemption timer

Save the kernel stack pointer

Swap to the new process's stack

Restore the new process from the stack

}

else

{

Stop the preemption timer

Save the kernel stack pointer

Go to the idling loop

}

Suspend Another Process
Inputs:

Process number

Outputs:
None

Description:

If the Process number is valid, and the process is not SUSPENDED or UNUSED, and it is not currently running, then:

{

Set process state to SUSPENDED

}

Exit Current Process

Inputs:

None

Outputs:
None

Description:

Change to kernel stack  (don’t bother saving process state)

Set process to UNUSED

If there are any RUNNABLE processes

{

find the next RUNNABLE process

Set the new process to RUNING

Restart the preemption timer

Save the kernel stack pointer

Swap to the new process's stack

Restore the new process from the stack

}

else

{


Stop the preemption timer

Save the kernel stack pointer

Go to the idling loop

}

Resume Process
Inputs:

Process Number

Outputs:
None

Description:

If the process number is valid and is SUSPENDED, then:

{

if idling, then

{

Set process state to RUNNABLE

Save the kernel stack pointer

Swap to the new process's stack

Restore the new process from the stack

}

else

{

Set process state to RUNNABLE

}


}

Create New Process
Inputs:

Process Start Address

Outputs:
New process number

Description:

If there is an unused process available, then:

{

Find next unused process

Set it's state to RUNNABLE

Initialise process stack pointer

Save processor state to stack but replace the instruction pointer data with the Process Start Address

}

else

{

return an error

}

Implementation

The code for this operating system will be written using the 8051 cross compiler SDCC (Small Device C Compiler), however, most of the program will be ANSI C compliant, and hence will be portable.  For debugging and testing, the 8051 simulator JSIM will be used.

See appendix A for the code.

Testing

This operating system was tested using simple programs, which simply created, destroyed, suspended and resumed processes. The function of the processes was generally a loop that did nothing. The following code is an example of one of the test programs:

#include "testos2.h"

void proc2(void)

{

    while (1==1)
    {

    }

}

void initprocfn(void)

{

    createproc( proc2 ); 

    createproc( proc2 ); 

    procexit();

}

The results of the testing were that the operating system behaved in all cases all as one would expect for a round-robin scheduled system.

Appendix A - Code

SDOS.C

/*****************************************************************************

******************************************************************************

*

* File       : sdos.c

*

* Description: This is the platform and compiler independent core of the 

*              small device operating system

*

* Copyright  : Evan Hunter 2001

* Author     : Evan Hunter

* Date       : 13/04/2001

* Version    : 1.0

*

******************************************************************************

*****************************************************************************/

#include "sdos.h"

#include "sdos_private.h"

/*****************************************************************************

* GLOBAL VARIABLES

*****************************************************************************/

char





stackspace[ MAXPROCESSES * PROCESS_STACK_SIZE ];

processcontrolblock


proclist[MAXPROCESSES];

processnumber



curr_running_proc;

char





idling;

char                        kernelcall;

stacktype                   kernelstackinfo;

/*****************************************************************************

******************************************************************************

*

* Function   : main

*

* Purpose    : Initialises the operating system and starts the initial process

*

* Parameters : None

* Returns    : Nothing

*

* Author     : Evan Hunter

* Date       : 13/04/2001

*

******************************************************************************

*****************************************************************************/

void  main( void ) DISABLE_INTERRUPTS_WORDS

{


processnumber i;

kernelstackinfo = NULL;

kernelcall = 0;


curr_running_proc = NO_RUNNABLE_PROCESSES;


/* initialise process list */


for( i = 0; i < MAXPROCESSES; i++)


{



proclist[i].procstate = UNUSED;


}


SAVE_STACK_INFO( &kernelstackinfo );


/* install preemption handler
*/


SETUP_ISR_TIMER;


/* create initialisation process */

    
kernelcall = 1;


i = createproc( initprocfn ); 

    
kernelcall = 0;


idling = 0;


/*  start preemption timer */


START_ISR_TIMER;


/* start first process */


proclist[i].procstate = RUNNING;


curr_running_proc = i;

    
SAVE_STACK_INFO( &kernelstackinfo );


CHANGE_STACK( proclist[curr_running_proc].stackinfo );


/* restore new processor state */


RESTORE_PROCESSOR_STATE_FROM_STACK;

}

/*****************************************************************************

******************************************************************************

*

* Function   : preempt

*

* Purpose    : PRIVATE STATIC FUNCTION: An ISR which swaps the current 

*              process to the runnable list and starts the next runnable 

*              process. It is triggered by the system timer

*

* Parameters : None

* Returns    : Nothing

*

* Author     : Evan Hunter

* Date       : 13/04/2001

*

******************************************************************************

*****************************************************************************/

static

void preempt(void) ISR_POST_WORDS   DISABLE_INTERRUPTS_WORDS

{

/*
stacktype tmpstkptr; */


ISR_SAVE_PROCESSOR_STATE_TO_STACK;


/* swap stack pointer to use the kernel stack */

    
SAVE_STACK_INFO( &(proclist[curr_running_proc].stackinfo) );


CHANGE_STACK( kernelstackinfo );


/*  put current process back in runnable queue */


proclist[curr_running_proc].procstate = RUNNABLE;


/* Find next runnable process - no need to check if there is one 


   to find since we just set one to runnable above */

    
curr_running_proc = find_next_runnable_proc( curr_running_proc );


/* set the next runnable process to the running state */


proclist[curr_running_proc].procstate = RUNNING;


/*  reset preemption timer */


START_ISR_TIMER;


/* restore new processes' stack */

    
SAVE_STACK_INFO( &kernelstackinfo );


CHANGE_STACK( (proclist[curr_running_proc].stackinfo) );


/* restore new processor state */


ISR_RESTORE_PROCESSOR_STATE_FROM_STACK;


/* Interrupt Return Instruction will start the new process */

}

/*****************************************************************************

******************************************************************************

*

* Function   : suspend

*

* Purpose    : Suspends the currently running process (the one calling this 

*              function ) by placing it on the suspended list.  To allow the 

*              process to continue, call the resume function.

*

* Parameters : None

* Returns    : Nothing

*

* Author     : Evan Hunter

* Date       : 13/04/2001

*

******************************************************************************

*****************************************************************************/

void suspend(void)  DISABLE_INTERRUPTS_WORDS

{


/* save processor state */


SAVE_PROCESSOR_STATE_TO_STACK;


/* setup kernel stack */

    
SAVE_STACK_INFO( &(proclist[curr_running_proc].stackinfo) );   


CHANGE_STACK( kernelstackinfo );


proclist[curr_running_proc].procstate = SUSPENDED;


/* Find next runnable process  - need to check if there are any available


   also, since we just took a runnable process away, it might be the last */

    
curr_running_proc = find_next_runnable_proc( curr_running_proc );

    
if ( curr_running_proc == NO_RUNNABLE_PROCESSES )


{



/* There are no runnable processes at the moment! */



/* stop isr timer */



STOP_ISR_TIMER;



idling = 1;

        SAVE_STACK_INFO( &kernelstackinfo );

        JUMP_TO( idlefunc ); 

    
}


else


{



/*  set the next runnable process to the running state */



proclist[curr_running_proc].procstate = RUNNING;



/* restore new processes' stack */

        SAVE_STACK_INFO( &kernelstackinfo );

        CHANGE_STACK( proclist[curr_running_proc].stackinfo );  



/* restore new processor state */

        RESTORE_PROCESSOR_STATE_FROM_STACK; 


}


/* Return Instruction will start the new process */

}

/*****************************************************************************

******************************************************************************

*

* Function   : find_next_runnable_proc

*

* Purpose    : PRIVATE STATIC FUNCTION: Searches through the list of 

*              processes for one marked runnable starting from the one with 

*              number supplied.

*

* Parameters : start_proc    - The process number of the process from which 

*                              the function will search - the first process 

*                              checked is the one after start_proc

* Returns    : processnumber - The process number of the next runnable 

*                              process.  Returns NO_RUNNABLE_PROCESSES if no

*                              runnable processes were found.

*

* Author     : Evan Hunter

* Date       : 13/04/2001

*

******************************************************************************

*****************************************************************************/

static

processnumber find_next_runnable_proc( processnumber start_proc )

{

    
processnumber tempprocno = start_proc;

    
do


{



tempprocno++;



if ( tempprocno >= MAXPROCESSES )



{




tempprocno = 0;



}


} while ( ( proclist[tempprocno].procstate != RUNNABLE ) && 




  ( tempprocno != start_proc ) );


if ( tempprocno == start_proc )


{



/* There are no other runnable processes  */

        if ( proclist[start_proc].procstate != RUNNABLE )

        {

            /* There are no runnable processes at all! */

            return NO_RUNNABLE_PROCESSES;

        }

        else

        {

            return start_proc;

        }

    
}


else

    
{

        
return tempprocno;

    
}

}

/*****************************************************************************

******************************************************************************

*

* Function   : suspend_other_proc

*

* Purpose    : Suspends process other than the currently running process by 

*              placing it on the suspended list.  To allow the process to 

*              continue, call the resume function.

*

* Parameters : procno - the number of the process to suspend, this is the 

*                       number returned by the createproc function.

* Returns    : Nothing

*

* Author     : Evan Hunter

* Date       : 13/04/2001

*

******************************************************************************

*****************************************************************************/

void suspend_other_proc(processnumber procno) DISABLE_INTERRUPTS_WORDS

{


/* put proc on suspended list */


if ( procno != curr_running_proc)


{



proclist[procno].procstate = SUSPENDED;


}

}

/*****************************************************************************

******************************************************************************

*

* Function   : procexit

*

* Purpose    : Stops and deletes the currently running process (the one 

*              calling this function).  This statement should be put at the 

*              end of your process function, otherwise the function will try

*              to return, but will return to an invalid point.

*

* Parameters : None

* Returns    : Nothing

*

* Author     : Evan Hunter

* Date       : 13/04/2001

*

******************************************************************************

*****************************************************************************/

void procexit(void) DISABLE_INTERRUPTS_WORDS

{


/* change to kernel stack, don't worry about saving process stack*/


CHANGE_STACK( kernelstackinfo );


/*  free resources of process */

    /* Get rid of process
*/


proclist[curr_running_proc].procstate = UNUSED;


/* Change to another process, if no more runnable processes 

       then stop preemption timer */

    
curr_running_proc = find_next_runnable_proc( curr_running_proc );

    
if ( curr_running_proc == NO_RUNNABLE_PROCESSES )


{



/* There are no runnable processes at the moment! */



/* stop isr timer */



STOP_ISR_TIMER;



idling = 1;

        
AVE_STACK_INFO( &kernelstackinfo );

        
JUMP_TO( idlefunc ); 

    
}


else


{



/*  set the next runnable process to the running state */



proclist[curr_running_proc].procstate = RUNNING;



/* restore new processes' stack */

        
SAVE_STACK_INFO( &kernelstackinfo );

        
CHANGE_STACK( proclist[curr_running_proc].stackinfo );  



/* restore new processor state */

        
RESTORE_PROCESSOR_STATE_FROM_STACK; 


}


/* Return Instruction will start the new process */

}

/*****************************************************************************

******************************************************************************

*

* Function   : resume

*

* Purpose    : Places the selected process back on the runnable list after

*              having been suspended.

*

* Parameters : procno - the number of the process to resume, this is the 

*                       number returned by the createproc function.

* Returns    : Nothing

*

* Author     : Evan Hunter

* Date       : 13/04/2001

*

******************************************************************************

*****************************************************************************/

void resume(processnumber procno) DISABLE_INTERRUPTS_WORDS

{


/* put proc on runnable list */


if ( ( procno != curr_running_proc ) &&

         ( proclist[procno].procstate == SUSPENDED ))


{



proclist[procno].procstate = RUNNABLE;



if ( idling == 1)



{




idling = 0;



    proclist[procno].procstate = RUNNING;



    START_ISR_TIMER;



    curr_running_proc = procno;



    CHANGE_STACK( proclist[curr_running_proc].stackinfo );



    /* restore new processor state */



    RESTORE_PROCESSOR_STATE_FROM_STACK;

        
}


}

}

/*****************************************************************************

******************************************************************************

*

* Function   : createproc

*

* Purpose    : Creates a new process. The process is created in the runnable

*              state, hence you do not need to call resume to start it.

*

* Parameters : procfunc - This is the function which contains the code to be 

*                         run for this process, must have the following 

*                         prototype:  void myfunc( void )

* Returns    : processnumber - The process number which can be used in other

*                              function calls such as resume. 

*                              Returns MAX_PROCESSES_REACHED if there are no

*                              free processes.

*

* Author     : Evan Hunter

* Date       : 13/04/2001

*

******************************************************************************

*****************************************************************************/

processnumber createproc( void (* procfunc)( void )  ) DISABLE_INTERRUPTS_WORDS

{

    processnumber i;

    if ( kernelcall != 1)

    {

        SAVE_STACK_INFO( &(proclist[curr_running_proc].stackinfo) );

        
CHANGE_STACK( kernelstackinfo )
;

    
}

    
i = 0;


while ( ( proclist[i].procstate != UNUSED ) && ( i < MAXPROCESSES ) )


{



i++;


}


if ( i >= MAXPROCESSES )


{



return MAX_PROCESSES_REACHED;


}


proclist[i].procstate = RUNNABLE;


CREATE_NEW_STACK( i, proclist[i].stackinfo );

    
INITIALISE_PROCESS_FOR_PREEMPTION( procfunc , proclist[i].stackinfo );

    
if ( kernelcall != 1)

    
{

       

SAVE_STACK_INFO( &kernelstackinfo );

        
CHANGE_STACK( proclist[curr_running_proc].stackinfo );

}

    
return i;

}

/*****************************************************************************

******************************************************************************

*

* Function   : idlefunc

*

* Purpose    : PRIVATE STATIC FUNCTION - this function provides the processor 

*              with something to do when there are no runnable processes.

*

* Parameters : None

* Returns    : Nothing

*

* Author     : Evan Hunter

* Date       : 13/04/2001

*

******************************************************************************

*****************************************************************************/

static

void idlefunc(void)

{


while(1==1)


{


}

}
SDOS.H

/*****************************************************************************

******************************************************************************

*

* File       : sdos.h

*

* Description: This is the header file that user programs must include for the

*              small device operating system

*

* Copyright  : Evan Hunter 2001

* Author     : Evan Hunter

* Date       : 13/04/2001

* Version    : 1.0

*

******************************************************************************

*****************************************************************************/

#ifndef SDOS_H

#define SDOS_H

#include "platform_specific_headers.h"

    /*************************************************************************

    *  Result code type to indicate errors

    *************************************************************************/


typedef enum  resultcode_t {
SUCCESS = 0,










MAX_PROCESSES_REACHED = -1,

                                    NO_RUNNABLE_PROCESSES = -2 } resultcode;

    /*************************************************************************

    *  Process number typedef

    *************************************************************************/


typedef char processnumber;

    /*************************************************************************

    *  Prototypes of functions available to user program

    *************************************************************************/


processnumber
createproc


( void (* procfunc)( void )  ) DISABLE_INTERRUPTS_WORDS;


void


suspend



( void )  DISABLE_INTERRUPTS_WORDS;


extern   void
initprocfn


( void );


void


procexit


( void ) DISABLE_INTERRUPTS_WORDS;


void


resume



( processnumber procno ) DISABLE_INTERRUPTS_WORDS;

    void            suspend_other_proc  ( processnumber procno ) DISABLE_INTERRUPTS_WORDS;

#endif /* SDOS_H */

SDOS_PRIVATE.H

/*****************************************************************************

******************************************************************************

*

* File       : sdos_private.h

*

* Description: This header file contains definitions for the small device 

*              operating system that are private and are not to be used by 

*              user programs small device operating system

*

* Copyright  : Evan Hunter 2001

* Author     : Evan Hunter

* Date       : 13/04/2001

* Version    : 1.0

*

******************************************************************************

*****************************************************************************/

#ifndef SDOS_PRIVATE_H

#define SDOS_PRIVATE_H

#include "application_specific.h"


#define NULL 0

    /*************************************************************************

    *  Definition of Process States

    *************************************************************************/


typedef enum processstate_t {






UNUSED = 0,






SUSPENDED = 1,






RUNNABLE = 2,






RUNNING = 3,






JUST_FINISHED_RUNNING = 4 } processstate;

    /*************************************************************************

    *  Definition of Process Control Block

    *************************************************************************/


typedef struct processcontrolblock_s 




{





processstate


procstate;





stacktype



stackinfo;




} processcontrolblock;

    /*************************************************************************

    *  Macro to initialise a process by saving a state to the stack

    *************************************************************************/


#define INITIALISE_PROCESS_FOR_PREEMPTION( funcaddr, stackptrin )
   \

                              SAVE_STACK_INFO( &kernelstackinfo );            \





CHANGE_STACK( stackptrin );


   \





SAVE_NEW_PROGRAM_COUNTER_TO_STACK( funcaddr );  \





SAVE_PROCESSOR_STATE_TO_STACK; 

   \

                              SAVE_STACK_INFO( &stackptrin );                 \





CHANGE_STACK( kernelstackinfo )


    /*************************************************************************

    *  Prototypes of private functions

    *************************************************************************/

    void            idlefunc    ( void );

    void            preempt     ( void ) ISR_POST_WORDS   DISABLE_INTERRUPTS_WORDS;

    processnumber   find_next_runnable_proc ( processnumber start_proc );

#endif /* SDOS_PRIVATE_H */

PLATFORM_SPECIFIC_HEADERS.H

/*****************************************************************************

******************************************************************************

*

* File       : platform_specific_headers.h

*

* Description: This header file includes the appropriate platform specific 

*              headers according to the platform defined, and checks that all

*              macros needed are defined

*

* Copyright  : Evan Hunter 2001

* Author     : Evan Hunter

* Date       : 13/04/2001

* Version    : 1.0

*

******************************************************************************

*****************************************************************************/

#ifndef PLATFORM_SPECIFIC_HEADERS_H

#define PLATFORM_SPECIFIC_HEADERS_H

/*****************************************************************************

* Include the platform specific header

*****************************************************************************/

#ifdef PLATFORM_8051_SDCC

#include "platform_specific_8051_SDCC.h"

#else

#error No Platform Specified

#endif /* PLATFORM_8051_SDCC */

/*****************************************************************************

* Check if all needed macros are defined

*****************************************************************************/

#ifndef ISR_POST_WORDS

    #define ISR_POST_WORDS

#endif /* ISR_POST_WORDS */

#ifndef DISABLE_INTERRUPTS_WORDS

    #define DISABLE_INTERRUPTS_WORDS

#endif /* DISABLE_INTERRUPTS_WORDS */

#ifndef JUMP_TO

#error Macro JUMP_TO must be defined!

#endif /* JUMP_TO */

#ifndef SAVE_NEW_PROGRAM_COUNTER_TO_STACK

#error Macro SAVE_NEW_PROGRAM_COUNTER_TO_STACK must be defined!

#endif /* SAVE_NEW_PROGRAM_COUNTER_TO_STACK */

#ifndef SAVE_STACK_INFO

#error Macro SAVE_STACK_INFO must be defined!

#endif /* SAVE_STACK_INFO */

#ifndef CHANGE_STACK

#error Macro CHANGE_STACK must be defined!

#endif /* CHANGE_STACK */

#ifndef SETUP_ISR_TIMER

#error Macro SETUP_ISR_TIMER must be defined!

#endif /* SETUP_ISR_TIMER */

#ifndef START_ISR_TIMER

#error Macro START_ISR_TIMER must be defined!

#endif /* START_ISR_TIMER */

#ifndef STOP_ISR_TIMER

#error Macro STOP_ISR_TIMER must be defined!

#endif /* STOP_ISR_TIMER */

#ifndef SAVE_PROCESSOR_STATE_TO_STACK

#error Macro SAVE_PROCESSOR_STATE_TO_STACK must be defined!

#endif /* SAVE_PROCESSOR_STATE_TO_STACK */

#ifndef RESTORE_PROCESSOR_STATE_FROM_STACK

#error Macro RESTORE_PROCESSOR_STATE_FROM_STACK must be defined!

#endif /* RESTORE_PROCESSOR_STATE_FROM_STACK */

#ifndef CREATE_NEW_STACK

#error Macro CREATE_NEW_STACK must be defined!

#endif /* CREATE_NEW_STACK */

#endif  /* PLATFORM_SPECIFIC_HEADERS_H */

PLATFORM_SPECIFIC_8051_SDCC.H

/*****************************************************************************

******************************************************************************

*

* File       : platform_specific_8051_SDCC.h

*

* Description: Provides a set of macros which allow the operating system to

*              run on a 8051 with the sdcc compiler,

*              Macros have to be used here since function calls may or may not

*              use the stack & other registers which will almost certainly 

*              cause problems

*

* Copyright  : Evan Hunter 2001

* Author     : Evan Hunter

* Date       : 13/04/2001

* Version    : 1.0

*

******************************************************************************

*****************************************************************************/

#ifndef SPEC8051SDCC_H


#define SPEC8051SDCC_H

#include "reg51.h"

#include "application_specific_8051.h"

#pragma EXCLUDE b,dpl,dph,psw,acc   /* Stop ISR from saving registers - Could be a problem with user isr's */

#pragma CALLEE-SAVES find_next_runnable_proc  /* reduce code size for this function */

/*****************************************************************************

******************************************************************************

*

* Typedef    : stacktype

*

* Purpose    : Defines what datatype should be used for pointing to stacks

*

* Author     : Evan Hunter

* Date       : 13/04/2001

*

******************************************************************************

*****************************************************************************/

    typedef  data void * stacktype;

/*****************************************************************************

******************************************************************************

*

* Macro      : ISR_POST_WORDS

*

* Purpose    : provides any words necessary after the ISR function definition

*              in order to define it as an ISR

*

* Usage      : ISR_POST_WORDS

*

* Author     : Evan Hunter

* Date       : 13/04/2001

*

******************************************************************************

*****************************************************************************/


#define ISR_POST_WORDS  interrupt 1 using 1

/*****************************************************************************

******************************************************************************

*

* Macro      : DISABLE_INTERRUPTS_WORDS

*

* Purpose    : provides any words necessary after a function definition

*              in order to make it disable interrupts during its execution

*

* Usage      : DISABLE_INTERRUPTS_WORDS

*

* Author     : Evan Hunter

* Date       : 13/04/2001

*

******************************************************************************

*****************************************************************************/


#define DISABLE_INTERRUPTS_WORDS critical

/*****************************************************************************

******************************************************************************

*

* Macro      : JUMP_TO

*

* Purpose    : This macro causes the system to jump to a particular program

*              address, similar to the goto statement

*

* Usage      : JUMP_TO( jump_address )

*

* Author     : Evan Hunter

* Date       : 13/04/2001

*

******************************************************************************

*****************************************************************************/

    #define JUMP_TO( addr8 ) _asm           \

                             dec sp         \

                             _endasm ; _asm \

                             dec sp         \

                             _endasm ;      \

                             PUSH_INT_ONTO_STACK( (code char * )addr8 ); \

                             _asm       \

                             ret        \

                             _endasm

/*****************************************************************************

******************************************************************************

*

* Macro      : SAVE_NEW_PROGRAM_COUNTER_TO_STACK

*

* Purpose    : Pushes the program address provided onto the stack, used to 

*              simulate the way the program counter is saved before calling 

*              a function.

*

* Usage      : SAVE_NEW_PROGRAM_COUNTER_TO_STACK( program_address )

*

* Author     : Evan Hunter

* Date       : 13/04/2001

*

******************************************************************************

*****************************************************************************/

    #define SAVE_NEW_PROGRAM_COUNTER_TO_STACK( addr1 )              \

                    PUSH_INT_ONTO_STACK( (unsigned int)*addr1 )       

/*****************************************************************************

******************************************************************************

*

* Macro      : SAVE_STACK_INFO

*

* Purpose    : Copies the value of the stack pointer into the variable 

*              provided, used when swaping stacks

*

* Usage      : SAVE_STACK_INFO( &stacktype_variable )

*

* Author     : Evan Hunter

* Date       : 13/04/2001

*

******************************************************************************

*****************************************************************************/

    #define SAVE_STACK_INFO( addr2 )    (*addr2) = (SP)

/*****************************************************************************

******************************************************************************

*

* Macro      : CHANGE_STACK

*

* Purpose    : Copies the value of the variable provided into the stack 

*              pointer, used when swaping stacks

*

* Usage      : CHANGE_STACK( stacktype_variable );

*

* Author     : Evan Hunter

* Date       : 13/04/2001

*

******************************************************************************

*****************************************************************************/

    #define CHANGE_STACK( addr3 )       SP = (unsigned char)( addr3 )

/*****************************************************************************

******************************************************************************

*

* Macro      : SETUP_ISR_TIMER

*

* Purpose    : Initialises the system timer 

*

* Usage      : SETUP_ISR_TIMER;

*

* Author     : Evan Hunter

* Date       : 13/04/2001

*

******************************************************************************

*****************************************************************************/


#define SETUP_ISR_TIMER     \

        TR0 = 0;                \

        IT0 = 0;                \

        ET0 = 1

/*****************************************************************************

******************************************************************************

*

* Macro      : START_ISR_TIMER

*

* Purpose    : Sets the timer period then starts the timer

*

* Usage      : START_ISR_TIMER;

*

* Author     : Evan Hunter

* Date       : 13/04/2001

*

******************************************************************************

*****************************************************************************/


#define START_ISR_TIMER                                 \

                TL0 = PREEMPTION_TIMER_PERIOD_LOW_BYTE;     \

                TH0 = PREEMPTION_TIMER_PERIOD_HIGH_BYTE;    \

                TR0 = 1

/*****************************************************************************

******************************************************************************

*

* Macro      : STOP_ISR_TIMER

*

* Purpose    : Stops the timer

*

* Usage      : STOP_ISR_TIMER;

*

* Author     : Evan Hunter

* Date       : 13/04/2001

*

******************************************************************************

*****************************************************************************/


#define STOP_ISR_TIMER    TR0 = 0

/*****************************************************************************

******************************************************************************

*

* Macro      : SAVE_PROCESSOR_STATE_TO_STACK

*

* Purpose    : Pushes the values of the flags and all the registers onto the

*              current stack, used when switching processes

*

* Usage      : SAVE_PROCESSOR_STATE_TO_STACK;

*

* Author     : Evan Hunter

* Date       : 13/04/2001

*

******************************************************************************

*****************************************************************************/


#define ISR_SAVE_PROCESSOR_STATE_TO_STACK
\


        /* the program counter will be pushed onto stack when function call occurs */
\




_asm



        \




push acc




\




_endasm ; _asm



\




push b





\




_endasm ; _asm



\




push dph




\




_endasm ; _asm



\




push dpl




\




_endasm ; _asm



\

            push 0x00




\

            _endasm ; _asm



\

            push 0x01




\




_endasm ; _asm



\

            push 0x02




\

            _endasm ; _asm



\

            push 0x03




\




_endasm ; _asm



\

            push 0x04




\

            _endasm ; _asm



\

            push 0x05




\




_endasm ; _asm



\

            push 0x06




\

            _endasm ; _asm



\

            push 0x07




\




_endasm 

#define SAVE_PROCESSOR_STATE_TO_STACK           \

            _asm                                \

            push psw                            \

            _endasm;                            \

            ISR_SAVE_PROCESSOR_STATE_TO_STACK

#define RESTORE_PROCESSOR_STATE_FROM_STACK          \

            ISR_RESTORE_PROCESSOR_STATE_FROM_STACK;  \

            _asm \

            pop psw \

            _endasm

#define SWAPPING_STACKSPACE  13

/*****************************************************************************

******************************************************************************

*

* Macro      : RESTORE_PROCESSOR_STATE_FROM_STACK

*

* Purpose    : Pops the values of the flags and all the registers off the

*              current stack, used when switching processes

*

* Usage      : RESTORE_PROCESSOR_STATE_FROM_STACK;

*

* Author     : Evan Hunter

* Date       : 13/04/2001

*

******************************************************************************

*****************************************************************************/


#define ISR_RESTORE_PROCESSOR_STATE_FROM_STACK

\




                        
\




_asm





\

            pop 0x07    



\




_endasm ; _asm



\




pop 0x06    



\




_endasm ; _asm



\




pop 0x05    



\




_endasm ; _asm



\




pop 0x04    



\




_endasm ; _asm



\




pop 0x03    



\




_endasm ; _asm



\




pop 0x02    



\




_endasm ; _asm



\




pop 0x01    



\




_endasm ; _asm



\




pop 0x00    



\




_endasm ; _asm



\




pop dpl





\




_endasm ; _asm



\




pop dph





\




_endasm ; _asm



\




pop b





\




_endasm ; _asm



\




pop acc





\




_endasm




/* program counter will get popped off stack when function call returns */

/*****************************************************************************

******************************************************************************

*

* Macro      : CREATE_NEW_STACK

*

* Purpose    : Sets a variable provided to point to a new stack space for the

*              the process with the process number which is provided

*

* Usage      : CREATE_NEW_STACK( process_number, stacktype_variable );

*

* Author     : Evan Hunter

* Date       : 13/04/2001

*

******************************************************************************

*****************************************************************************/


#define CREATE_NEW_STACK( procno, newstackptr )     \



newstackptr = (stacktype)(  ((char * data ) &stackspace[procno*PROCESS_STACK_SIZE] )-1 )   ; 

/*----------------------------------------------------------------------------

-  Helper Macros 

----------------------------------------------------------------------------*/

/*****************************************************************************

******************************************************************************

*

* Macro      : PUSH_ONTO_STACK

*

* Purpose    : pushes a byte onto the current stack

*

* Usage      : PUSH_INT_ONTO_STACK( value_byte );

*

* Author     : Evan Hunter

* Date       : 13/04/2001

*

******************************************************************************

*****************************************************************************/

    #define PUSH_ONTO_STACK( val )                                                  \

                        SP++;                                                       \

                        *((data unsigned char* data)SP) = (unsigned char)( val ) 

/*****************************************************************************

******************************************************************************

*

* Macro      : PUSH_INT_ONTO_STACK

*

* Purpose    : pushes a 16 bit value onto the current stack, used mainly for 

*              pushing pointers.

*

* Usage      : PUSH_INT_ONTO_STACK( value_16bit );

*

* Author     : Evan Hunter

* Date       : 13/04/2001

*

******************************************************************************

*****************************************************************************/

    #define PUSH_INT_ONTO_STACK( val )                                              \

                        SP++;                                                       \

                        *((data unsigned int* )SP) = (unsigned int)( val );          \

                        SP++

#endif /* SPEC8051SDCC_H */

APPLICATION_SPECIFIC.H

/*****************************************************************************

******************************************************************************

*

* File       : application_specific.h

*

* Description: This header file defines settings for the small device 

*              operating system which are specific to the application

*

* Copyright  : Evan Hunter 2001

* Author     : Evan Hunter

* Date       : 13/04/2001

* Version    : 1.0

*

******************************************************************************

*****************************************************************************/

#ifndef APPSPEC_H


#define APPSPEC_H


#define MAXPROCESSES          4


#define PROCESS_STACK_SIZE    33

#endif  /* APPSPEC_H */

APPLICATION_SPECIFIC_8051.H

/*****************************************************************************

******************************************************************************

*

* File       : application_specific_8051.h

*

* Description: This header file defines settings for the small device 

*              operating system which are specific to the application when an

*              8051 is used

*

* Copyright  : Evan Hunter 2001

* Author     : Evan Hunter

* Date       : 13/04/2001

* Version    : 1.0

*

******************************************************************************

*****************************************************************************/

#ifndef APPSPEC8051_H


#define APPSPEC8051_H


#define PREEMPTION_TIMER_PERIOD_HIGH_BYTE  249   /* these values should give 1ms period for 12MHz clockrate */


#define PREEMPTION_TIMER_PERIOD_LOW_BYTE   124 

#endif  /* APPSPEC8051_H */

